It is now 40 years since Freund [1] and Eisenberger [2] and colleagues described a theory for the nature of a solid-state dense plasma nonlinearity that is operative at x-ray wavelengths. Unfortunately, if the interacting frequencies are all in the x-ray region of the spectrum, the magnitude of this nonlinearity is sufficiently small that, previous to the work reported here, it has only been observable by utilizing parametric down conversion [2] [3] [4] . The new x-ray free electron lasers offer intensities in excess of 10 19 W/cm 2 . At these intensities, the x-ray matter-interaction is characterized by multiple sequential ionization and call for experiments on nonlinear effects.
Using a 1.7 Å pumping beam generated by a free electron laser, we observe second harmonic generation (SHG) in diamond. The generated second harmonic is of order ten times the background radiation, scales quadratically with pump pulse-energy, and is generated over a narrow phase-matching condition. The largest observed SHG efficiency is 5.8×10
!!! . The second harmonic is generated with a fundamental x-ray intensity of 10 16 W/cm 2 . This is several orders of magnitude larger than the threshold for damage in the visible region of the spectrum. Moreover, the electric field at the peak is estimated to be about 2.5×10 9 V/cm. This strength of the electric field is very nearly the atomic field, but we have not observed any damage to the crystal. Schematic of the experimental setup. The monochromator selects a 7.3keV pump-beam. A pair of mirrors focuses the beam to about 1.5 microns. The nonlinear medium is a diamond crystal placed in the focus. The phase matching is achieved by using the (220) atomic planes; k !⃗ ! and k !⃗ !" are the wave vectors of the pump and the generated second harmonic respectively. G ! !⃗ is the reciprocal lattice.
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